INTRODUCTION 1
In eukaryotic cells, stathmin or oncoprotein 18 is one of the most prominent destabilizers of microtubule 2 (MT) dynamics (1-3). Recent studies support a role for stathmin in the regulation of cell growth and motility, 3 and show its involvement in human malignancies (4) . The MT-destabilizing action of stathmin remains unclear: 4 the best accepted mechanism is one whereby stathmin reduces MT polymer by sequestering two soluble α/β-5 tubulin dimers to form a curved complex (T2S) (2,5). This ternary complex is stable and unable to assemble 6 into MT. Another model holds that stathmin may induce MT shrinkage (called 'catastrophe') directly by acting 7 on its tips. Gupta et al. have recently shown that stathmin binds tightly to dolastatin-10 tubulin rings, which 8 mimic curved tubulin protofilaments at MT plus-ends, and that stathmin depolymerizes stabilized protofilament-9 rich polymers (6). Using computer simulation, they found strong evidence for the promotion of catastrophe by 10 stathmin through binding to the tips of MTs. 11
Several in vitro studies have sought to identify the stathmin domains that participate in tubulin binding 12 (6-8). Using structural and biochemical approaches, Steinmetz et al. demonstrated with different truncated 13 forms of stathmin that (i) under MT polymerizing conditions, the α-helical domain of stathmin was sufficient to 14 stabilize tubulin heterodimers, (ii) the 40 N-terminal amino acid residues of stathmin were necessary to prevent 15 further longitudinal stathmin-tubulin complex aggregation, and (iii) a precise length of the C-terminal domain 16 of stathmin was necessary to form a stable ternary complex with tubulin heterodimer (9). 17 Stathmin activity is mainly regulated by phosphorylation on four serines (Ser16, Ser25, Ser38 and 18 Ser63) (10-12). It has been shown in cells that Ser25 and Ser38 are phosphorylated first, followed by 19 phosphorylation on Ser16 and Ser63 to produce a completely inactive tetra-phosphorylated form (11, 13, 14) . 20 The impact of individual phosphorylation has been thoroughly studied in vitro using purified stathmin modified 21 by directed mutagenesis. Stathmin phosphorylated at either Ser16 or Ser63 shows a drastic loss of affinity for 22 tubulin dimers, whereas di-phosphorylated stathmin (on Ser25 and Ser38) still binds to tubulin, though with a 23 reduced affinity (15, 16) . Immunofluorescence studies of stathmin and MTs in solution have shown that both 24 unphosphorylated and double Ser25/Ser38-phosphorylated stathmin can bind along the entire MT as well as on 25 free tubulin (16, 17) . Despite these extensive in vitro studies, the molecular mechanisms of stathmin binding to 26 tubulin and/or MTs, and the effect of phosphorylation on this process, remain poorly understood, especially in 27 the cell microenvironment. 28 Förster resonance energy transfer (FRET) can be used to detect the proximity between two fluorophores 29 separated by distances of 1-10 nm (18). Classically measured by fluorescence spectroscopy, FRET can also be 30 measured by fluorescence microscopy. Since FRET occurs over distances similar to the size of proteins, it can 31 be used to extend the resolution of the fluorescence microscope (typically > 250 nm) to detect protein-protein 32 interactions. FRET microscopy is thus a powerful technique to determine whether proteins that are co-localized 33
Immunofluorescence and transfection of cells 12
Cells were fixed with 4% paraformaldehyde in PBS pH 7.4 for 20 min at room temperature, and 13 permeabilized with Triton X-100 0.5% (Sigma-Aldrich, France) in PBS for 10 min at room temperature. were also transfected to overexpress mCherry-tubulin (as acceptor). Here, 0.4 µg plasmid (0.2 µg + 0.2 µg 24 coding for the donor and acceptor, respectively) was used. 25
26

Instrumentation and image acquisition 27
Imaging was performed on a Leica SP5 confocal laser scanning microscope (CLSM) with a Leica 28 inverted microscope, equipped with a Plan-Apochromat 63× oil immersion objective (NA = 1.4). For all FRET 29 experiments (immuno-FRET on fixed cells and FRET on living cells), images were recorded with the CLSM 30 spectral mode selecting specific domains of the emission spectrum (26). The FRAP experiments were divided 31 into three sequences as described elsewhere (26). The photobleaching of stathmin was carried out on a 2 µm 32 8 radius circular area of the lamellipodium regions containing MTs. This step used the 488 nm wavelength laser 1 with 10 iterations of 2 µs/pixel. To determine MT dynamics, materials, acquisition of time-lapse series and 2 analysis of the MT dynamic instability are described elsewhere (26). 3
The surface area of the microtubule network in the 200 µm² regions of interest (ROI) was measured by 4 systematically executing Otsu's method via the plugin 'Otsu threshold' of ImageJ. This algorithm is an 5 implementation of the Otsu thresholding technique (27). The histogram of pixel intensities is divided into two 6 classes and the inter-class variance is minimized. This plugin outputs a binary image of MT and the ratios of 7 MT on ROI surfaces are then calculated as percentages. With untreated cells, we found that 31 ± 4 % of the cell 8 interior was occupied by the fluorescent microtubule network. As expected there was no impact of 1 nM taxol 9 on the ratio of MT to ROI surface areas in treated cells. All these values come close to the range of 34-41% of 10 tubulin in microtubules in tissue cultured cells previously determined by Ostlund et al. (28). 11
12
FRET calculation 13
FRET images were corrected from both background (collected outside cells on images) and cross-talk 14 between donor and acceptor channels using Youvan's method (29): 15
where IFRET, ID, and IA were intensities (after background subtraction) in ROI of the FRET, donor (FITC or 17 EGFP) and acceptor (TRITC, Atto532 or mCherry) channels, respectively. Parameters A and B were 18 respectively the fraction of donor and acceptor leak-through into the FRET channel, and were calculated by 19 quantifying the intensity ratios between images from cells labeled or expressing only the donor or the acceptor. 20
In our study, the values of A and B were 0.15 and 0.02 on average, respectively. No leak-through signal from 21 the donor into the acceptor channel or vice versa was observed. 22
Fc was therefore normalized to the direct acceptor signal using Wouters' method (30): 23
Calculations were performed from the variation in pixel response with the PixFRET plug-in of ImageJ in ROI 25 (31). All positive pixels positive were pixels with NFRET intensity greater than 0. The NFRET intensities of 8-26 bit images were initially spread from 0 to 12 and from 0 to 30 on the 256-grayscale for respectively the FITC-27 TRITC/Atto532 pairs and the EGFP-mCherry couple, the maximum of which corresponds to 5% and 12% of 28 NFRET in cells (32) . FRET images were filtered with a 1-pixel-range median filter to reduce background noise. 29
For FRET quantifications, images showing the NFRET distributions were merged with the tubulin/MT-labeling 30 images, and ROIs of 200 µm 2 were outlined in the cell periplasm. NFRET hotspots co-localizing with MTs and 31 outside MTs ('in the cytosol') were then counted and expressed per unit surface area (µm²) of MT and cytosol 32 (e.g with untreated cells, ROIs of 200 µm² were divided into ∼62 µm² and ∼138 µm² for MT and cytosol,9 respectively). We considered a 'NFRET hotspot' every pixel or cluster of pixels with NFRET intensities > 0% 1 and surrounded by pixels of with nil intensity. 2 3
Fitting of FRAP data 4
Fluorescence recovery was extracted from images recorded in the bleached area and corrected for 5 experimental fluctuations during acquisition. In all, 7-15 separate FRAP measurements were made in three 6 independent experiments, and data were independently single-normalized as (33): 7
where Ffrap(t) corresponds to the fluorescence recovery in the bleached ROI at time t; Fbg(t), the fluorescence 9 intensity in a background ROI outside the cells, and Ffrap-pre, the mean fluorescence intensity of bleached ROIs 10 before the bleach after background subtraction: 11
with fprebleach corresponding to five frames during the pre-bleaching period. In FRAP, the rate of fluorescence 13 recovery reflects diffusion and binding dynamics. The next step in FRAP analysis is to ascertain the respective 14 contributions of diffusion and binding to the fluorescence recovery curves. 15 First of all, we examined whether diffusion could be ignored or not (see Fig. S3 ). The results indicate that 16 diffusion is so fast relative to binding that it can be ignored. Hence, the fluorescence recovery curve reflects the 17 binding interactions. Later, recovery curves were fitted using a binding-dominant model given by (34,35): 18
The kinetic curves were analyzed for single exponential by nonlinear least-squares fitting based on the 20
Levenberg-Marquardt algorithm to adjust F∞, the fluorescence intensity at infinite time, Ceq, the fraction of 21 fluorescence at equilibrium due to binding, and the dissociation rate constant koff. This model was applied with 22 no foreknowledge of either the geometry of the bleaching or the process of fluorescence recovery. 23
Using koff from the curve fit, the pseudo first-order binding constant, k*on, was calculated by: 24
And the turnover time was calculated by: 26 The spatial distribution of the interaction between tubulin and MT with endogenous stathmin was 3 determined in A549 cells fixed with paraformaldehyde. Here, we performed immuno-FRET of α-tubulin using a 4 secondary antibody coupled to FITC as FRET donor. Stathmin was detected using a primary antibody specific 5 to unphosphorylated and phosphorylated stathmin ('total-stathmin' on figures), and then with a secondary 6 antibody coupled to TRITC as FRET acceptor (Fig. 1A) . The immunolocalization of stathmin yielded 7 punctuated staining in the cytoplasm as previously described (25), which sometimes co-localized with the MTs 8 (white arrows in region of interest ROI 1, lower panel) and with weakly labeled tubulin in the cytosol (arrows in 9 ROI2). On the right panels, the normalized fluorescence resonance energy transfer (NFRET) signal was 10 observed in pixel clusters, which we name NFRET hotspots. Beneath NFRET image, we superimposed images 11 of the α-tubulin staining (gray in figure) with NFRET signal (purple) and we observed that these NFRET 12 hotspots are located in the cytosol (arrows in ROI2), probably representing stathmin-tubulin complexes, and at 13 the ends of MTs (blue arrowhead in ROI1). Interestingly, we observed NFRET hotspots throughout the length 14 of MTs (arrows in ROI1). 15 NFRET images were obtained using Wouters normalization, for which possible artifacts can occur, as Two experimental controls were performed to validate the range of NFRET efficiencies ( Fig. S1A-B) . 27
As a negative control for NFRET (Fig. S1A) , cells expressing the free EGFP (as donor) were fixed, followed by 28 indirect immunofluorescent labeling of α-tubulin (secondary antibody coupled to TRITC, as acceptor). As 29 expected, we observed no FRET signal, despite the apparent co-localization of EGFP and tubulin. As a positive 30 control for NFRET (Fig. S1B ), we performed an indirect immunofluorescent labeling of α-tubulin using two 31 secondary antibodies, one coupled to FITC and the other to TRITC. On the images, MTs are yellow because of 32 the superimposition of co-labeled tubulin. The NFRET signal is continuous over the entire length of MTs, with12 an efficiency value between 1% and 5%. This double labeling of tubulin is ideal for obtaining the highest 1 NFRET efficiency: a closely similar NFRET efficiency is observed for the interaction of stathmin with 2 tubulin/MTs. Lastly, in order to rule out the possibility of artifacts due to large size or misorientation of 3 secondary antibody complexes, we used direct immunofluorescence of α-tubulin (antibody coupled to FITC, as 4 donor) and total-stathmin (coupled to Atto532, as acceptor) (Fig. S1C) . The NFRET signals were still observed 5 in hotspots within the same range of NFRET efficiency, indicating that the two immunofluorescence 6 approaches were equivalent in our cell model. All these experiments confirm that immuno-FRET is well-suited 7 to explore the interaction of stathmin with tubulin and/or MTs in cells. Western-blot in denaturing conditions using antibodies against anti-stathmin phosphorylated on serine 16 21 ('pSer16'), serine 25 ('pSer25'), serine 38 ('pSer38') and serine 63 ('pSer63') ( Fig. S2A ). We observed that 22 pSer38-and pSer25-stathmin were the main phosphoforms in our cell model. The higher phosphorylation levels 23 of stathmin were weakly represented (for pSer16-stathmin) or undetectable (for pSer63-stathmin). Our results 24 are consistent with expected ratios of phosphoforms of stathmin (11, 13, 14) . We then performed indirect 25 immunofluorescence of α-tubulin and pSer38-, pSer25-and pSer16-stathmin in fixed cells. Since no 26 phosphorylation of Ser63 was observed by Western blot, pSer63-stathmin was not included in this assay. The 27 quantification and distribution of NFRET hotspots between MTs and the cytosol are reported in same ROIs, a 0.5 µm long segment was drawn on the plus-end of MTs, and a NFRET hotspot was counted each 1 time that one occurred in this calibrated area. For the immunofluorescence of total-stathmin, the density of 2 NFRET hotspots in the cytosol was 1.0 ± 0.1 hotspots/µm 2 ( Fig. 2A, white bars) . The density of NFRET 3 hotspots on MTs was significantly higher (1.5 ± 0.2 hotspots/µm 2 , Fig. 2B ) than in the cytosol. Our data 4
indicate an appreciable fraction of stathmin interacting with the MT wall. Moreover, up to 82% of MT plus-5 ends showed NFRET hotspots (Fig. 2C) , which is consistent with the presence of highly dynamic MTs in the 6 cell periphery (38,39). 7
For pSer38-and pSer25-stathmin (gray and black bars, respectively in Fig. 2A-C) , we counted 1.0 ± 0.1 8 and 0.7 ± 0.1 NFRET hotspots/µm 2 on MTs respectively, and 0.1 ± 0.1 hotspots/µm 2 in the cytosol for both 9 phospho-stathmins. Also, 37% and 17% of MT plus-ends with NFRET hotspots were measured for pSer38-and 10 pSer25-stathmin, respectively. In cells labeled for pSer38-(left panel) and pSer25-stathmin (middle panel), 11
NFRET images show a punctuated distribution of NFRET signals mainly on MTs (Fig. 2D, white arrows) . 12
Thus, pSer25-and/or pSer38-stathmin could bound to the wall in addition to the plus-ends of MTs. By contrast, 13 for anti-pSer16 stathmin, the number of NFRET hotspots was very low ( Fig. 2A-B) , and no hotspots were co-14 localized with the MT plus-ends (Fig. 2C) . This is consistent with a loss of interaction between tubulin/MT and 15 pSer16-stathmin (17) , suggesting that phosphorylation of Ser16 abolished the ability of stathmin to bind to 16 tubulin and/or MTs. By contrast, the phosphorylation of Ser25 and/or Ser38 did not affect the binding of 17 stathmin to tubulin or MTs (wall and tips). 18
To address the question of how stathmin interacts with the MT wall, we over-expressed in living cells 19 two forms of stathmin truncated in either the C-terminus (∆Cter-stathmin coupled to EGFP, as donor) or the N-20 terminus (∆Nter-stathmin also coupled to EGFP) of the protein. Tubulin tagged with mCherry was co-expressed 21 as an acceptor. To avoid any effect of phosphorylation, the ∆Cter-stathmin was mutated on Ser16, 25, 38 and 22 63, and the ∆Nter-stathmin on Ser63 to alanine. All the NFRET quantifications were performed directly in 23 living cells. When cells expressed ∆Cter-stathmin, a similar density of NFRET hotspots was measured on MTs 24 (2.2 ± 0.8 hotspots/µm 2 ) (Fig. 3A) and in the cytosol (1.9 ± 0.9 hotspots/µm 2 ) (Fig. 3C , right panel) where many 25 NFRET hotspots were observed in the cytosol (arrows in ROI1) and along the MTs (arrows in ROI2). These 26 results suggest that the ∆Cter-stathmin protein interacts similarly with cytosolic tubulin and MTs. On the other 27 hand, the expression of ∆Nter-stathmin led to 2.5 ± 0.7 hotspots/µm 2 on MTs (Fig. 3B) , and 0.5 ± 0.2 28 hotspots/µm 2 in the cytosol (Fig. 3B ). These data suggest that the deletion of the N-terminus domain of stathmin 29
facilitates its binding to the MT wall. In the T2S complex, the N-terminal region of stathmin is known to bind to 30 the exposed surface of α-tubulin. The steric hindrance between dimers of tubulin in a protofilament does not 31 permit correct positioning of the N-terminus domain, and so the ∆Nter-stathmin has an ability to bind 32 preferentially to the surfaces and/or structures of tubulin exposed on the MT wall. In FRAP imaging, the rate of fluorescence recovery indicates how fast neighboring fluorescent 7 molecules fill a bleached zone. This mobility of proteins depends on both diffusion and potential binding 8 interactions. In our study, FRAP experiments were carried out on full stathmin (coupled to EGFP) expressed by 9 living cells that also expressed mCherry-tubulin in order to locate the bleaching spots on MTs more clearly. 10
We first evaluated the contribution of diffusion in the FRAP curve. In cells over-expressing EGFP-11 stathmin, we used two photobleaching spot sizes (radius 2 µm and 4 µm) and compared fluorescence recovery 12 curves (Fig. S3) . We observed that the two curves were closely similar for the two spot sizes. Data were fitted 13 using a single exponential equation. They gave comparable fractions of fluorescence at equilibrium (small ROI: MTs gave a 2.6-fold lower koff (0.61 ± 0.06 s -1 ) and 2.6-fold longer t1/2 (1.13 ± 0.11 s) than without MT (koff = 6
1.59 ± 0.08 s -1 and t1/2 = 0.44 ± 0.1 s). The value of Ceq = 0.14 ± 0.01 was significantly higher than that without 7 MT (Ceq = 0.04 ± 0.01). These data are comparable to those obtained with EGFP-stathmin obtained in the 8 presence of MTs, indicating an appreciable fraction of stathmin interacting with the MT wall. 9 FRAP analysis showed that exchange at the binding site of stathmin is significantly modified by the 10 presence of MTs, and that the C-terminal domain of stathmin is involved in this reaction. The above 11 experiments yield compelling evidence that stathmin can bind to MTs in cells. We then sought to elucidate how 12 the MT dynamics and their structure were involved in this interaction. For this purpose we used taxol, a well-13 known ligand able to stabilize MTs and change dynamics. 14 15
The interaction of pSer25-and/or pSer38-stathmin with microtubules is promoted by a low concentration 16 of taxol. 17
It is well established that the structure and stability of MTs are modified by the binding of taxol (40). 18
Taxol also induces an increase in stathmin phosphorylation (41,42). To further explore the molecular 19 mechanism of the binding of stathmin to MTs, cells were exposed to 1-50 nM taxol (4 h at 37 °C) to determine 20 a concentration of taxol that disturbed the MT dynamics without modifying the phosphorylation of stathmin. 21
Non-denaturing Western blots revealed that in cells incubated with 1 nM and 3.5 nM of taxol, the 22 phosphorylation levels of stathmin did not change compared with untreated cells (Fig. S2B) . Beyond 3.5 nM 23 taxol, tri-and tetra-phosphorylated stathmin increased significantly, indicating large amounts of pSer16-and 24 pSer63-stathmin. In addition, parameters of the MT dynamics were measured (Table S1 ). Compared with 25 untreated cells, 1 nM taxol did not modify the rate of shrinkage or the time spent in shortening phases, whereas 26 longer pause and shorter growing time (32%) were recorded. Higher concentrations of taxol caused lower rates 27 of shrinkage (up to −52%, at 20 nM taxol). 28
For the immuno-FRET experiment, we analysed the ability of stathmin (using 'total-stathmin' labelling) 29 and pSer25-/pSer38-stathmin (using specific phosphoform labelling) to interact with tubulin and MTs in the 30 presence of 1nM taxol (4h, 37°C) (Fig. 5) . With 1 nM taxol, we found a 1.6-fold higher density of hotspots on 31 MTs (2.4 ± 0.4 NFRET hotspots/µm 2 , Fig. 5B black bar) compared with untreated cells (1.5 ± 0.2 hotspots/µm 2 , 32 Fig.  2 5A) was found. The percentages of NFRET hotspots at MT plus-ends were comparable between untreated and 3 1 nM taxol-treated cells (82% and 95%, respectively) (Fig. 5C ). These observations indicate that 1 nM taxol 4 increases the binding of stathmin to the MT wall. Furthermore, we detected more NFRET hotspots for pSer38-5 stathmin (1.9 ± 0.2 hotspots/µm 2 ) and pSer25-stathmin (1.7 ± 0.1 hotspots/µm 2 ) in taxol-treated than in 6 untreated cells (1.0 ± 0.1 NFRET hotspots/µm 2 for pSer38-stathmin, and 0.7 ± 0.1 NFRET hotspots/µm 2 for 7 pSer25-stathmin). No significant change in the counted NFRET hotspots was measured in the cytosol (0.10 ± 8 0.10 hotspots/µm 2 vs. 0.15 ± 0.10 hotspots/µm 2 with 1 nM taxol, for the two phosphorylated stathmins). Thus, 9 with 1 nM of taxol, the forms of stathmin interacting with MTs were mainly pSer25-/pSer38-stathmin. In 10 addition, for pSer38-and pSer25-stathmin, 37% and 25% of MT plus-ends showed NFRET hotspots 11 respectively, which was similar to untreated cells. Altogether, 1 nM taxol drastically increased the number of 12 interactions of phosphorylated stathmin with the tubulin protofilaments and the plus-ends of MTs. 13
Our data reveal that in the presence of 1 nM taxol, pSer25-and/or pSer38-stathmin interacted largely 14 with the MT wall and at the plus-ends. The increase in the fraction of stathmin bound to MTs could be related to 15 significant changes in surfaces and/or structures of tubulin exposed on the MT wall and/or to a decrease in the 16 MT dynamic instability mediated by taxol. Thus, our results suggest strongly that low concentration of taxol 17 potentiated the interaction of stathmin by its C-terminal domain with the MT wall. 18
The binding of stathmin to tubulin/MT has been extensively studied using a broad variety of in vitro 2 methods (6,43-45). Stathmin binds to two tubulin heterodimers to form the "curved" T2S tubulin sequestering 3 complex. To date, clear proof of stathmin binding to tubulin/MTs is lacking, especially in cells where 4 interactions depend on the microenvironment. Here, in A549 cells, we demonstrate by immuno-FRET and 5 FRAP imaging that the interaction of stathmin with tubulin can occur not only in the cytosol, but also along the 6 length and at the plus-end of MTs. This pattern had not been observed in cells before. 7
In a step toward understanding stathmin-tubulin/MT interactions in cells, we focused on the impact of 8 the phosphorylation of stathmin. Recent in vitro data obtained from purified proteins indicate that di-pSer25-9 /pSer38-stathmin binds to pre-assembled MTs, unlike mono-pSer16-or pSer63-stathmin cannot (16, 17) . 10 Furthermore, the catastrophe-promoting activity of stathmin cannot be disrupted by phosphorylation of Ser25 11 and Ser38. In our study, no significant NFRET signal was observed in cells when we used energy transfer 12 between Ser16-phosphorylated stathmin and tubulin/MTs, confirming that stathmin does not bind to MT when 13 phosphorylated on Ser16. We also found a significant quantity of pSer25-and/or pSer38-stathmin interacting From all thet findings reported here, we can propose a model for the mechanism by which stathmin and 3 Ser25-and/or Sr38-phosphoisoforms interact with tubulin and/or MTs (Fig. 6, Assembly) . Unphosphorylated 4 stathmin binds to tubulin dimers, giving the "curved" T2S assembly-incompetent complex, which indirectly 5 promotes "catastrophe" or MT disassembly. The phosphorylation of Ser16 and Ser63 by kinases (51) leads to 6 an inactive stathmin (as revealed by the loss of the NFRET signal). Ser25 and Ser38 can first be phosphorylated 7 by cyclin-dependent kinase in T2S (52), releasing the N-terminus domain of stathmin and diminishing a number 8 of interactions with tubulin to induce changes in the three-dimensional structure of the curved T2S complex. 9
This leads to a "straight" T2S complex that can be incorporated into MTs during the assembly step, as 10 previously suggested (9). In addition, we cannot rule out the possibility that pSer25-and/or pSer38-stathmin 11 bind directly to tubulin protofilaments by their C-termini (as revealed with NFRET hotspots with truncated 12 stathmin). During the disassembly phase (Fig. 6, Disassembly) , the pSer25-and/or pSer38-stathmin found next 13 to the ruffled MT plus-end may be dephosphorylated by a protein kinase such as PP2A (53) . This allows active 14 non-phosphorylated stathmin forms to act at the tip of MT, favoring the formation of tightly curved 15 protofilament (T2S complex) and contributing directly to the catastrophe event. Being already present on the 16 protofilament of MT, stathmin will only need to be dephosphorylated in response to a signaling pathway to 17 become fully active. The same molecular mechanism has been proposed for MCAK (mitotic centromere-18 associated kinesin, a depolymerizing protein), which rapidly targets MT plus-ends (54). Taken (white arrows), whereas no NFRET hotspots for pSer16-stathmin are detected (white empty arrowheads) 28 despite co-localization with tubulin/MTs; side bars for NFRET intensities: color pixels (grey and purple) score 29 for NFRET efficiencies from 0% to 5%; scale bars: 5 µm. 30 NFRET hotspots on MTs. White arrowheads point to hotspots in cytosol; side bars for NFRET intensities: color 7 pixels (gray and purple) score for NFRET efficiencies from 0% to 12%; scale bars: 10 µm. 
